The change in respiratory pattern following the administration of halothane is characterized by a relative tachypnoea with a decrease in tidal volume (Severinghaus and Larson, 1965) . This characteristic change in pattern is observed even in the absence of vagal feed-back control of respiration, indicating that the changes in respiratory pattern seen during halothane anaesthesia might involve some excitatory central mechanisms other than the bulbopontine system (Nishino and Honda, 1980) . Munson and colleagues (1966) showed in man that the frequency of respiration increases progressively with increasing depths of halothane anaesthesia. However, in their study P&co 2 was not controlled and carbon dioxide retention, which increased progressively as the depth of anaesthesia increased, could have modified the observed changes in respiratory frequency. Since there is little information about the effect of carbon dioxide on the central respiratory pattern under halothane anaesthesia, we have studied the independent effects of carbon dioxide, and halothane, on respiratory pattern.
MATERIALS AND METHODS
Experiments were performed on 12 adult cats weighing 3.0-4.5 kg. Anaesthesia was induced and maintained with 2-3% halothane in oxygen using a precalibrated halothane vaporizer (Fluotec Mark 2) during the surgical preparation of the animals. The animals were prepared as described previously (Nishino and Honda, 1980) . Briefly, the animals were prepared with tracheal, arterial and venous cannulae, and rectal temperature was maintained close to 38 °C. A phrenic nerve root was isolated and prepared for recording of its discharge. Both vagosympathetic trunks were isolated and cut at the mid-cervical level. After the surgical preparation, pancuronium bromide 0.2mgkg~' was administered and the lungs ventilated artificially at fixed rate and volume (rate x volume = 25 x 40 ml). Each animal was studied in random sequence at three different depths of halothane anaesthesia (1.0, 1.5 and 2.0MAC) and at three different end-tidal carbon dioxide tensions (PE'co 2 6, 8 and 10 kPa) under hyperoxic conditions (fto 2 >60kPa). One MAC for halothane in cats was taken as 0.82% end-tidal concentration (Brown and Crout, 1971) . All measurements were made at least 15 min after establishing a constant end-tidal halothane concentration. End-tidal halothane samples were obtained by drawing a small amount of end-expiratory gas into a 50-ml gas-tight syringe over a 1-min period from a nylon catheter inserted to the distal end of the tracheal tube. End-tidal halothane concentrations were measured with an ultraviolet halothane analyser (MEL RAS-51) which was calibrated frequently with known halothane concentrations.
on an ultraviolet-sensitive paper. Inspiratory time 71), expiratory time (7"E) and the peak height of the moving average integral per burst were calculated from 1-min recordings of the phrenic neurogram (Nishino and Honda, 1980) . Statistical analysis was with paired t tests where appropriate.
RESULTS

Effects of increasing depth of halothane anaesthesia on
respiratory pattern atvarious carbon dioxide tensions As expected, with increases in the depth of halothane anaesthesia, tidal phrenic output, quantified by the peak height of the moving average integral, decreased progressively at all three values of P&co 2 in all animals. However, changes in respiratory frequency as a result of increasing the depth of halothane anaesthesia were variable at different values of ftco 2 -During mild hypercapnia (.fiacOj of around 6 kPa), eight of 12 animals showed a progressive increase in Tl which caused an irregular apneustic pattern of respiration ( fig. 1A) , whereas no such a prolongation of 71 was observed in the other four animals ( fig. IB ). In contrast with these varied changes in 71, increasing the depth of halothane anaesthesia caused progressive shortening of 7E in all animals. Since in those animals which showed an apneustic pattern the changes in 71 were relatively large when compared with the changes in TE, progressive decreases in respiratory frequency resulted. In contrast, in those animals which did not show an apneustic pattern, little or no change in 71 was observed in response to increasing the depth of halothane anaesthesia and, therefore, progressive increases in respiratory frequency resulted.
Increasing the depth of halothane anaesthesia during moderate hypercapnia (Pzco 2 of around 8 kPa) caused a marked shortening of 7"E with little or no change in 71 in all animals. These changes resulted in progressive increase in respiratory frequency ( fig. 2A) .
The effects of increasing the depth of halothane anaesthesia on 71 and TE during severe hypercapnia Cffco 2 of around lOkPa) were basically the same as those observed during moderate hypercapnia. However, changes in 7"E were much greater and, therefore, increases in respiratory frequency were observed more clearly in all animals with increasing depths of halothane anaesthesia ( fig. 2B ).
Respiratory frequency responses to carbon dioxide under different depths of halothane anaesthesia
In order to examine effects of carbon dioxide on respiratory pattern at different depths of halothane anaesthesia, steady state responses to various values of Paco 2 at each depth of halothane anaesthesia were studied. Figure 3A shows a typical example of changes in respiratory pattern in response to increasing Pico 2 at 1.0 MAC of halothane. With an increase in Paco 2 , tidal phrenic output increased whereas respiratory frequency decreased progressively as a result of prolongation of 7"E with little or no change in 71. These changes in respiratory pattern were observed consistently in all animals. Under deeper levels of halothane anaesthesia, no consistent response to carbon dioxide was seen since two distinctively different patterns of respiratory response were observed. In those animals which showed an apneustic pattern at 1.5 and 2.0 MAC of halothane, increasing Paco 2 from mild hypercapnia to moderate hypercapnia shortened 7"l and caused a marked increase in respiratory frequency ( fig. 3B ), whereas in those animals which did not show apneustic pattern the respiratory frequency responses were essentially the same as observed in figure 3A and respiratory frequency decreased progressively as Paco 2 was increased. Changes in respiratory duration, respiratory frequency, and arterial pressure in response to increasing P&co 2 at three different depths of halothane anaesthesia obtained from all animals are listed in table I. Figure 4 shows the effects of carbon dioxide and halothane on Tl in those animals that showed an apneustic pattern ( fig. 4A ) and in those animals that did not show an apneustic pattern ( fig. 4B ). In these perspective diagrams Tl was plotted against Paco 2 at various depths of halothane anaesthesia. It can be seen that responses of 71 to Paco 2 and halothane in those animals that showed an apneustic pattern were quite different from the responses of Tl in those animals that did not show apneustic pattern.
Effects of halothane and carbon dioxide on Tland TE
In contrast with the inconsistent changes in Tl, changes in T"E in response to increasing the depths of halothane anaesthesia and carbon dioxide were consistent although the effect of carbon dioxide was exactly the opposite of that exerted by halothane. The effect of interaction of carbon dioxide and halothane on TE is shown graphically in figure 5 : the 7TE-shortening effect of halothane is cancelled to some extent by the 7TE-prolonging effect of carbon dioxide when high values of PacOt accompany deep halothane anaesthesia. The value of TE during severe hypercapnia with 2.0MAC of halothane was significantly smaller than that obtained during mild hypercapnia with 1.0 MAC of halothane (P< 0.01). This indicates that the Tt-shortening effect of halothane is dominant over the Tit-prolonging effect of carbon dioxide over the range of ftco 2 from 6 to lOkPa. respiratory frequency to carbon dioxide was modified cdhsiderably by the depth of halothane anaesthesia. Although it is generally accepted that in the absence of vagal feed-back control, respiratory frequency is almost fixed and.independent of carbon dioxide drive (Clark and Euler, 1972j Grunstein, Younes and Milic-Emili, 1973; Rosenstein, McCarthy anS Borison, 1973) , several conflicting results have teen reported (Euler, Herrero and Wexler, 1970; Shannon, 1976; Kobayasi and Murata, 1979) . Our result that at 1.0 MAC halothane-respiratory frequency decreased progressively with increasing ftco 2 is in agreement with the observation of Kobayasi and Murata (1979,) , who reported that in vagotomized rabbits respiratory frequency decreased with increasing )*Ac:c>2 in a hyperbolic fashion under light anaesthesia with pentobarbitone or urethane. Their observation that changes in re- Kobayasi and Murata (1979) under deep anaesthesia with pentobarbitone. Although we were unable to assign any definite causative factor which caused individual differences relating to the response of Tl, we can only speculate that in some animals, when the carbon dioxide stimulus was relatively weak, central mechanisms regulating Tl were more vulnerable to the effect of halothane than in others.
Effects
There is some evidence (Fink et al., 1962; Hugelin and Cohen, 1963; Cohen, 1964) that the suprapontine system facilitates the outbreak of the bulbopontine inspiretory activity and, as a consequence, shortens TE consistently with various changes in Tl. Kobayasi and Murata (1979) studied the effects of carbon dioxide on respiratory pattern and concluded that the suprapontine acceleratory system is depressed by increases in PACO 25 which produces an increase in TE with little change in Tl. Since the effect of halothane is exactly opposite to that of carbon dioxide, it is quite possible that halothane facilitates the suprapontine system in a dose-related fashion. However, no information supporting this hypothesis is available at the present time.
Other factors such as a narcotic property of carbon dioxide and changes in arterial pressure have to be considered. There is a possibility that increasing PacOi could influence the depth of halothane anaesthesia in spite of a constant end-tidal concentration of halothane since it is known that carbon dioxide itself has narcotic properties (Leake and Waters, 1928) . However, Eisele, Eger and Muallem (1967) showed that Paco 2 ranging from 2.0 to 12.7 kPa (15 to 95 mm Hg) had no effect on MAC for halothane in dogs. Thus, it is unlikely that changes in respiratory pattern in response to increasing .Paco 2 at a constant end-tidal concentration of halothane are related to the narcotic property of carbon dioxide.
Changes in arterial pressure caused by increases in ftco 2 or halothane, or both, may influence the respiratory pattern by way of respiratory reflexes from baroreceptor or chemoreceptors, or both. It has been shown (Nishino and Honda, 1982) that, in cats, baroreceptor stimulation prolongs TE with little or no change in Tl, but that this effect becomes smaller the greater the Paco 2 - Landgren and Neil (1951) found that hypotension increased the activity of carotid chemoreceptors in cats. However, the study of Lahiri and colleagues (1980) showed that in cats, carotid chemoreceptor activity did not show any change down to an arterial pressure of 40 mm Hg. This evidence suggests that the influence of reflexes from baroreceptor or chemoreceptor, or both, on the results of the present study was very small, if present at all.
Regardless of the mechanisms of the effects of carbon dioxide and halothane on TE, our results showed that TE during severe hypercapnia at 2.0 MAC halo thane was significantly shorter than TE during mild hypercapnia at 1.0 MAC halothane with no significant difference in 7T and that respiratory frequency during severe hypercapnia at 2.0 MAC halothane was significantly greater (Z'<0.05) than respiratory frequency during mild hypercapnia at 1.0 MAC halothane. This is not incompatible with the results of a previous report (Munson et al., 1966) which showed that respiratory frequency increased progressively with increasing depths of halothane anaesthesia in spontaneously breathing men.'
In conclusion, the effect of halothane on central mechanisms regulating respiratory duration is exactly the opposite of that exerted by carbon dioxide in vagotomized, artificially ventilated cats (table II) . Thus, respiratory frequency is modified both by Pa.co 2 and by the depth of halothane anaesthesia. 
SUMARIO
Se investigaron tres efectos independientes del halotanp y del oxido de carbono, sobre los mecanismos centrales que regulan la frecuencia respiratoria, en 12 gatos vagotomizados y ventilados artificialmente. Los cambios del modelo respiratorio analizados a partir del neurograma frenico, revelaron que el incrementar la Pacoi, a una profundidad constante de anestesia por halotano, ocasionaron un incremento progresivo de TE, presentandose varios casos de Tl, mientras que el incrementar la profundidad de la anestesia por halotano a P»coi constante, causo una disminuci6n progresiva de TE con varios cambios de Tl. Estos resultados sugieren que el efecto del oxido de carbono sobre los mecanimos centrales que regulan la duracion respiratoria, es exactainente el opuesto al producido por el halotano y que la frecuencia respiratoria queda modificada tanto por la ftcc>2 como por la profundidad de la anestesia lor halotano.
